The extraction behavior of -estradiol, bisphenol A and triclosan observed in a thermoresponsive poly(vinylmethyl) ether precipitate system were investigated. The three toxicants were extracted from aqueous solutions into a gum-like precipitate, which formed by aggregation when the solution was heated to a temperature higher than the lower critical solution temperature of the polymer (ca. 305 K). An anionic surfactant, linear dodecylbenzenesulfonate was found to decrease the efficiency in formation of the precipitate and in extraction of the target chemicals. However, no such effect was found by addition of a kind of nonionic surfactant polyethyleneglycol tert-octylphenyl ether or humic acid, which are typical coexisting organic materials in environmental waters.
INTRODUCTION
Separation and concentration procedures are often important for several stages of laboratory or industrial activities such as analysis of chemicals or recovery of restricted chemicals from wastewaters. Liquid-liquid extraction utilizing an organic solvent such as chloroform or hexane is one of the most suitable techniques for the purpose. However, their use should be eliminated in the interest of environmental friendliness and safety1), because such organic solvents themselves are generally toxic or flammable or both. Several aquatic biphasic systems without organic solvents have been studied as safer alternatives2,3). Matsubara and her coworkers4-11' reported the successful collection of many hydrophobic materials with precipitate of thermoresponsive polymers. Such polymers have a lower critical solution temperature (LCST); they are watersoluble at temperatures lower than their LCST, but they form gum-like precipitates at higher tempera-tures12'. Many hydrophobic solutes are captured in the precipitates, which can easily be separated from the supernatant and redissolved in a very small amount of a solvent such as methanol.
In the present study, we investigated the extraction/concentration efficiencies of some hazardous organic materials with thermoresponsive poly (vinylmethyl) ether (PVME) to evaluate whether the polymer can be applicable for extraction of such chemicals from environmental samples. The PVME is an inexpensive commer-cially available material; hence, we selected this polymer. We used three hazardous chemicals, ,3-estradiol (3,17,3 -dihydroxy-1, 3, 5[10]-estratriene; ES), bisphenol A (2, 2-bis(4-hydroxyphenyl)propane; BA) and triclosan (2, 4, 4'-trichloro-2 containing 1 X 10-1 X 10-4 mol-1 of one of the target chemicals and PVME was placed in a capped glass tube. The initial PVME concentration was kept in the range from 0.3 to 6 gl-1. The pH of the solution was controlled by the addition of sulfuric acid or sodium hydroxide solution. The solution was heated at about 323 K for 5 min, and then the tube was shaken vigorously for 10 s by hand. The PVME formed a whitish gumlike precipitate that adsorbed on the walls of the glass tube. After the precipitate and the supernatant were separated by decantation, the precipitate was dissolved in a certain volume of methanol. The concentration of the chemicals in the supernatants and the methanol solutions, which dissolved the PVME precipitate, were measured utilizing a HPLC or GC/MS. Hence, the change in the amount of precipitate formed was due not to the changes in the experimentally controlled precipitation conditions but an existence of a water-soluble part in the commercially supplied PVME.
The efficiency in the precipitation of PVME should be affected by the conditions of the sample solution; hence, the effects of pH in solution condition were investigated. The amount of precipitated PVME formed from the aqueous 3 g ¢-' solution (RecoverypvME)
was measured as a function of pH (Figure 2(a) ). The amount of PVME precipitate decreased as the solution pH increased, and no precipitate was formed above pH 4.5. The recovery of BA and TC with 3 g¢-' PVME (Recoveryso~ute) was also determined under several pH conditions (Figure 2(b) ), and it also decreased with increasing pH and fell to zero when the pH was higher than 4 (TC) or 4.5 (BA) according to the amount of the precipitate formed. In order to increase the pH region, at which it was possible to form PVME precipitate and extract the target solutes into it, we measured the salting-out effect of sodium chloride and found that the addition of 0.4 mol ¢-' sodium chloride had a great effect on the recovery of solutes with PVME in acidic to weakly alkaline solutions. When the solution contained sodium chloride, the pH region for precipitation widened. The recovery of BA and TC was also improved by the addition of sodium chloride; BA was extracted quantitatively up to pH 9 and TC to pH 7. We found that the recovery of the chemicals in the low pH region was also increased by the addition of the salt. The differences in the curvatures in Fig. 2 Figures 3(a) -3(c)) was decreased when the concentration of the coexisting materials became higher, especially in the case of CL2LAS.
To increase the efficiency in formation of precipitate, the salting-out effect of sodium chloride was measured.
As seen in Figures 3(a) and 3(c), the recovery of the precipitate was improved by addition of 0.4 mol ¢-' sodium chloride up to mostly similar to that obtained without the coexisting materials, although the improvement was still not high enough when the PVME concentration was 0.6 g ¢-'. The recovery of TC with extraction by the precipitate formed from 0.6 and 3 g ¢ -' PVME was also measured (Figures 3(d) -3(f)). 
Here, a " is the saturated amount for adsorption onto Table 1 . The extractabilities of the chemicals with PVME increased in the order BA< ES < TC; and the maximum capacity of the PVME precipitate for these chemicals was about 10_' mol per 1 g of PVME precipitate. As can be seen in Figure 4 , the concentration factor of the solutes is highest in the very low [Solute]ds region. We calculated the minimum concentration of PVME precipitate that could extract more than 90 % of the solutes by introducing the values of a m and 9 in Table 1 into Eq. 4.
[Solute]e, j[Solute]d,g= a max [PVME]Prec= 9 (4)
The expected maximum concentration factors of the solutes (Rgo% (al~d)) were calculated, the values obtained are summarized in Table 1 .
We also obtained the solute concentration factors directly by measuring the solute recovery at different PVME concentrations. The initial concentrations of PVME ranged from 0.3 to 6 g ¢ -', and the initial solute concentrations were lower than 5 X 10.5 mol Figure 5 shows the results of the measurements. The extractability of TC was very high; the recovery was greater than 95 % in the concentration range examined. In contrast, the recovery of ES and BA decreased when the PVME concentration was less than 1.5 g The precipitate formed with 0.3 g of PVME could be dissolved in only 1 m ¢ of methanol; hence, Table. 1 Adsorption coefficients and concentration factors for three organic toxicants in the PVME precipitate system a. Calculated maximal concentration factor (the ratio between the initial volume of water and the initial weight of PVME) to achieve quantitative (> 90%) extraction of the chemicals. b. Experimentally observed (Fig. 5 ) maximal concentration factor (the ratio between the initial volume of water and the initial weight of PVME) to achieve quantitative (> 90%) extraction of the chemicals. the concentration factor was theoretically at least hundreds times, even without any procedure, such as evaporation, for enrichment of the solvent.
Comparison
of the PVME System and Conventional Liquid-Liquid Systems
The extractabilities of the three chemicals with hexane and dichloromethane, which are the organic solvents typically utilized for liquid-liquid extraction of organic pollutants, were measured and compared with the concentration efficiencies obtained with the PVME is theoretically possible for TC with hexane and dichloromethane; however, the phase separation in these systems becomes difficult because the volume of the organic solvent becomes very small by the mutual solubility. The concentration factor obtained with the P1/ME extraction system was about 500 (for BA and ES) and 1000 (for TC), as shown in Table 1 . These values of concentration factor in the PVME system were higher than those in the solvent extraction system especially for BA and ES, although the units of the factors are different in the two systems.
It is also noteworthy that the extractability differences between these three solutes are larger in the liquid-liquid systems (more than 105-fold in hexane-water and more than 3 X 102-fold in dichloromethane-water from BA to TC) than in the P1/ME system (about 3-5-fold from BA to TC). The very small differences between the extractabilities of solutes in the P1/ME system indicate that this system is suitable for separation of groups of solutes having similar characteristics, for example, a recovery of several kinds of restricted chemicals from wastewater. The results obtained were summarized in Table 3 . The blank for these three chemicals, which were contaminated during the extraction and concentration procedures, was also measured; the values were about a few ng -' for all three chemicals. The values in Table   3 were corrected one by subtraction of the blank. Although the concentrations obtained are somewhat erroneous, the levels of these three chemicals are in the ranges of the concentrations reportedly 18' Anal. Chem., 24, 133-177 (1993) 4) Matsubara, C., Izumi, S., Takamura, K., Yoshioka, H. and Mori, Y.: Determination of trace amounts of phosphate in water after preconcentration using a thermally reversible polymer. Analyst, 118, 553-556 (1993) 5) Matsubara, C., Kikuchi, N., Denpouya, I. and Takamura, K.: A new preconcentration method of hydrophobic substances in water using polyvinylmethylether as a thermo-responsive polymer. Application to spectrophotometric determination of a trace amount of phosphate in natural water. Chem. Lett., 849-850 (1993) 6) Saitou, T., Ohyama, T., Takamura, K., Sakurai, T., Kaise, T. and Matsubara, C.: Extraction of iron(II)tris(1,10-phenanthrolinato) chelate into the polymer phase formed from an aqueous solution of poly(Nisopropylacrylamide). Anal. Sci., 13, 1-4 (1997) 7) Saitou, T., Ohyama, T., Sakurai, T., Kaise, T., Takamura, K., Suzuki, Y. and Matsubara, C.: Polymermediated extraction of 8-quinolinolato metal chelates for the determination of metal ions in water with graphite furnace atomic absorption spectrometry. Talanta, 46, 541-550 (1998) 8) Saitou, T., Haga, M., Sakurai, T., Kaise, T. and Matsubara, C.: Polymer-mediated extraction for microplate reader spectrophotometric determination of ppb-level copper(II) ion in water. Anal. Sci., 14, 929-933 (1998) 9) Saitou, T., Ohkubo, S. and Matsubara, C.: Polymermediated extraction of porphyrinato chelates for a spectrophotometric approach to sub-ppt level detection of metal ions. Chem. Left., 151-152 (1999) 10) Saitou, T., Yoshida, Y., Matsudo, T., Fujiwara, S., Dobashi, A., Iwaki, K., Suzuki, Y. and Matsubara, C.: Concentration of hydrophobic organic com-pounds by polymer-mediated extraction.
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